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(54) Dual-polarization common aperture antenna with longitudinal and transverse slot arrays 



(57) A dual-polarization common aperture antenna 
having fully populated comnnon aperture dual polarized 
arrays. The inventive antenna includes a first and sec- 
ond arrays of radiating slots disposed in afaceplate. The 
second array is generally orthogonal and therefor cross- 
polarized relative to the first aaay. The first array is 
waveguide fed and the second array is stripline fed. in 
the illustrative implementation, the first array and the 



FIG. 1 



second array share a common aperture. The common 
aperture is fully populated and each array uses the ap- 
erture in Its entirety. The first and second arrays of slots 
are arranged for four-way symmetry. Each slot in the first 
array is a vertically oriented, irisexcited shunt slot fed by 
a rectangular waveguide and centered on a broad wall 
thereof. The second array is a standing wave array in 
which each slot is an air cavity backed slot fed by an 
inverted micro-stripllne offset from a center thereof. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to antennas. 
More specifically, the present invention relates to radio 
frequency (radar) antennas for missile seekers and oth- 
er applications. 

Description of the Related Art: 

[0002] Radio frequency (RF) antennas are used in 
many communication, ranging and detection (radar) ap- 
plications. In missile applications, the RF antenna is im- 
plemented as part of a missile seeker. The seeker com- 
prises the antenna along with a transmitter and a receiv- 
er. Typically, missile seekers transmit and receive a 
beam having a single polarization. The polarization of a 
beam is the orientation of the electric field thereof. 
Hence, the polarization of a beam may be vertical, hor- 
izontal or circular. 

[0003] Several dual polarization antennas are known 
in the art. One is a reflector antenna with dual polariza- 
tion feed. This type of antenna is bulky, exhibits poor 
efficiency, and poor isolation between the two polariza- 
tions. This type of antenna is also very limited in its abil- 
ity offer low sidelobe radiation performance. Further- 
more, this type antenna can generally be used only for 
an electrically very large aperture (i.e. an aperture hav- 
ing a diameter larger than fifteen wavelengths). 
[0004] A second approach involves the use of an ar- 
ray of dual polarized patches. This type of antenna of- 
fers low cost and low profile, but the bandwidth of each 
element is typically so narrow that it is very difficult to 
achieve high perfomnance. The efficiency of this array 
is also typically poor due to dielectric losses and stripline 
conductor losses. 

[0005] A third approach involves the use of a dual po- 
larization rectangular waveguide array consisting of a 
stack-up of a rectangular waveguide-fed offset longitu- 
dinal slot array and a waveguide-fed tilted edge slot ar- 
ray. Unfortunately, this array exhibits poor performance 
because the offset slot excites an undesirable TMqi odd 
mode in the parallel plate region formed by the tilted 
edge slot waveguides. The excited TMq^ odd mode 
causes high sidelobes and RF loss. A further perform- 
ance limitation results from the coupling between aper- 
tures caused by the tilted edge slot containing a cross- 
polarization component. 

[0006] A fourth approach Involves the use of an 
arched notch dipole card array erected over a rectangu- 
lar waveguide fed offset longitudinal slot array. In this 
approach, the arch is provided to improve the perform- 
ance of the principal polarization slot array and minimize 
interactions between the two apertures. Unfortunately, 
the design of this type of array is very difficult because 



there is no easy or convenient method to accou nt for the 
presence of the arched dipole array in the design of the 
slot array (every slot sees a different unit cell). The re- 
quirement to maximize the spacing between the face of 

5 the slot array and the arch cards to reduce interaction 
conflicts with the desired placement of the notch radia- 
tors on the quarter-wavelength above this surface for 
optimal image current formation. This limitation be- 
comes especially severe at higher frequencies of oper- 

10 ation. 

[0007] Finally, a fifth approach involves the use of a 
common aperture for dual polarization array with a flat 
plate centered longitudinal shunt slot array and a strip- 
linefed notch-dlpole array. This approach was disclosed 

15 and claimed in U.S. Patent No. 6,166,701 issued De- 
cember 26, 2000 to Pyong K. Park el ai and entitled 
DUAL POLARIZATION ANTENNA ARRAY WITH RA- 
DIATING SLOTS AND NOTCH DIPOLE ELEMENTS 
SHARING A COMMON APERTURE (Any. Docket No. 

20 PD-96309) the teachings of which are incorporated 
herein by reference. This approach is very useful for 
very high frequency (Ka-band or higher) applications 
and electrically medium to large size arrays. For lower 
frequency applications such as X-band, and small diam- 

25 eter apertures, such as under seven wavelengths, the 
dipole card height is greater than a half-inch, which is 
often more than the available antenna depth. Therefore, 
it may not be practical to use this approach for lower 
frequency applications and electrically small to medium 

30 size antennas. 

[0008] Accordingly, inasmuch as cunrent trends in ra- 
dar communication and antenna system design require- 
ments emphasize the reduction of cost and volume 
while achieving high performance, a need exists in the 

35 art for an antenna design which offers an improved ca- 
pability. 

SUMMARY OF THE INVENTION 

40 [0009] The need In the art is addressed by the dual- 
polarization common aperture antenna of the present 
invention. The inventive antenna includes a first and 
second arrays of radiating slots disposed in a faceplate. 
The second array is generally orthogonal and therefor 

45 cross-polarized relative to the first array. The first array 
is waveguide fed and the second array is inverted micro- 
sthpline fed. 

[0010] In the illustrative Implementation, the first array 
and the second array share a common aperture. The 

50 common aperture is fully populated and each array uses 
the aperture in its entirety. The first and second arrays 
of slots are arranged for four-way symmetry. Each slot 
in the first array is a horizontally oriented, iris-excited 
shunt slot fed by a rectangular waveguide and centered 

55 on a broad wall thereof. The second array is a standing 
wave array in which each slot is an air cavity backed slot 
fed by an inverted micro-stripline offset from a center 
thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a front view of the dual-polarization com- 5 
mon aperture antenna of the present invention. 
Fig. 2 is a diagram of a single channel of the inven- 
tive antenna showing the horizontal slots therein. 
Fig. 3 is a sectional rear view of the dual-polariza- 
tion common aperture antenna of the present inven- io 
tion showing the backplate thereof. 
Fig. 4 is a magnified view of a section of the back- 
plate of the inventive antenna showing the inverted 
micro-stripfines thereon. 

Fig. 5 is a perspective sectional view showing two is 
channels In the inventive antenna. 

DESCRIPTION OF THE INVENTION 

[0012] Illustrative embodiments and exemplary appli- 20 
cations will now be described with reference to the ac- 
companying drawings to disclose the advantageous 
teachings of the present invention. 
[001 3] While the present invention is described herein 
with reference to illustrative embodiments for particular 2s 
applications, it should be understood that the invention 
is not limited thereto. Those having ordinary skill in the 
art and access to the teachings provided herein will rec- 
ognize additional modifications, applications, and em- 
bodiments within the scope thereof and additional fields so 
in which the present invention would be of considerable 
utility. 

[0014] Significant system perfomnance advantages 
can be achieved in radar and communication systems 
by use of dual polarized antennas. The current invention 35 
provides such an antenna. 

[0015] Fig. 1 is a front view of the dual-polarization 
common aperture antenna of the present invention. As 
is common in the art, the antenna is constructed of a 
unitary block of aluminum or other suitable material. The 
antenna 10 has a faceplate 11 and a backplate 13 (not 
shown in Fig. 1). The antenna 10 has a common aper- 
ture 20 fully populated with elements for both polariza- 
tions and provides high gain and low sidelobe perform- 
ance for both polarizations. Within the aperture 20 a first 
array 22 of horizontally oriented radiating slots 24 and 
an orthogonally polarized second array 26 of vertically 
oriented radiating slots 28 are provided. The first slots 
24 are disposed in channels or recesses 30 in the face- 
plate 11 of the antenna. The slots and the recesses are so 
machined into the antenna using techniques well known 
in the art. The waveguide slot channels 30 contribute a 
simple means to maintain a thin wall in the vicinity of the 
radiating slots, while simultaneously providing a thick 
broad wall 34 with which to totally accommodate the ar- ss 
ray two packaging needs. In the illustrative embodiment, 
the horizontal slots 24 are spaced .7 wavelength (.7 X) 
apart with respect to the desired operating frequency of 
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the antenna. Similarly, as discussed more fully below, 
the vertical slots 28 are spaced at ,7 X. 
[0016] Fig. 2 is a diagram of a single channel of the 
inventive antenna showing the horizontal slots 24 there- 
in. As illustrated in Fig. 2, each of the horizontal slots 24 
in the first (main) array 22 is an iris-excited longitudinal 
shunt slot fed by a rectangular waveguide 32. The 
waveguide 32 is collinear with the horizontal slots 24 
along a transverse axis 33 of the antenna 1 0. The slots 
24 are centered on the broad walls 34 of the waveguides 
32 to provide room for the second (cross-polarization) 
array 26. Each iris 35 consists of a capacitive element 
36 and an inductive element 38. As is common in the 
art, the capacitive element 36 consists of a small sheet 
of conductive material disposed within the waveguide 
32 transverse to the longitudinal axis thereof and below 
an associated slot 24. The inductive element 38 is a 
small sheet of conductive material mounted within the 
waveguide 32 transverse to the longitudinal axis thereof 
and below the associated slot 24. The combination of a 
capacitive element and an inductive element provides 
a 'ridge* iris 35 such as that disclosed and claimed in U. 
S. Patent No. 6,201,507 issued March 13, 2001 to 
Pyong K. Park et ai and entitled CENTERED LONGI- 
TUDINAL SHUNT SLOT FED BY A RESONANT OFF- 
SET RIDGE IRIS (Attomey Docket #PD 96233) the 
teachings of which are Incorporated herein by refer- 
ence. Note that the position of the inductive element is 
moved from one side of the iris to the other with each 
successive iris 37,. 39, etc. so that the slots 35, 37 and 
39 excite in-phase. 

[0017] Fig. 3 is a sectional rear view of the dual-po- 
larization common aperture antenna of the present in- 
vention showing the backplate 13 thereof with the 
ground plane removed. As shown in Fig. 3, the cross- 
polarization an-ay 26 is realized with an efficient stand- 
ing wave array of inverted micro-stripline-fed air-cavity 
backed slots 28. Each slot 28 is fed by one of six input 
ports 40, 42, 46, 48, 60 or 52. The first four ports 40, 42, 
46, and 48, respectively, are located at corners of the 
aperture 20 while the fifth and sixth ports 50 and 52, 
respectively, are provided above and below the center- 
line of the aperture 20. Each of the first four ports 40, 
42, 46, and 48 feeds an associated micro-strip power 
divider 54. The power divider 54 has a first output line 
56 and a second output line 58. The first output line 56 
feeds two vertical slots 28. Note the provision of a per- 
turbation 59 in the line to adjust the line length thereof. 
The second output line 58 of each of the first four ports 
feeds a second power divider 60. The second power di- 
vider 60 has two output lines 62 and 64. The first line of 
the second power divider feeds two vertical slots 28 
while the second tine 64 feeds a single slot 28. The ports 
50 and 52 feed lines 51 and 53, respectively, each of 
which, in turn, feed three vertical slots 28. In the pre- 
ferred embodiment, the lines 51, 53, 56, 58, 62 and 64 
are inverted micro-striplines. 

[0018] Fig. 4 is a magnified view of a section of the 
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second array 26 of the inventive antenna showing the 
inverted micro-stripline traces thereon. As is well l<nown 
in the art, micro-striplines are striplines in which the sig- 
nal return energy is constrained to flow in a single 
ground plane. Inverted micro-striplines are micro-strip- 
lines which are enclosed within conductive channels in 
which the energy flows in the ground plane above the 
surface of the trace as well as to the ground plane on 
the surface of the backplate 13 (not shown). The micro- 
striplines are bonded to the surface of the faceplate 11 
in a conventional manner. Those skilled in the art will 
appreciate that the invention is not limited to the use of 
inverted micro-striplines to feed the vertical slots 28. 
Other arrangements may be used without departing 
from the scope of the present teachings. 
[0019] Fig. 5 is a perspective sectional view showing 
two channels in the inventive antenna. As shown in Figs. 
1 and 5, the channels 30 are machined into the front of 
the thick wall of the first array 22 below each of the ver- 
tical slots 24. The channels 30 are machined into the 
thick wall 34 of the faceplate 11 to provide room for the 
air cavity backed slots and their associated intercon- 
necting transmission lines. The channels 30 contain 
provisions (or mounting and locating the printed circuit 
boards in a manner which places the radiating slot 
ground plane at the same position as the top of the chan- 
nels associated with the main array slots, thus minimiz- 
ing discontinuities in the ground plane and preserving 
full performance of the main array. The channels which 
form the cross pol radiating slots are symmetrically lo- 
cated between the main array slots. The interconnecting 
transmission lines which feed the array 2 feed network 
are isolated from one another in channels to eliminate 
the undesired affect of cross talk or radiation. The radi- 
ation of each cross-polarization (vertical) slot 28 is con- 
trolled by offset of the microstrip feed line from the center 
of slot. In accordance with the present teachings, air 
cavities 66 and 68 are provided to improve the RF band- 
width of the radiating slots 28. 

[0020] In order to orthogonally align the main (hori- 
zontal) array slots 24 and the cross-polarization (verti- 
cal) array slots 28, the slot spacing for cross-polarization 
array 26 must be the same as the principal polarization 
an-ay 22 spacing, which is about 0.7 X. Furthemnore, the 
cross-polarization slot spacing in the micro-strip medi- 
um has to be one wavelength apart to form a collimated 
radiation pattern. The micro-stripllne offers a proper 
propagation constant such that 0.7 A. in free space is 
equivalent to 0.9 X in micro-stripline. By introducing 
small perturbations 59 in the micro-striplines, as shown 
in Figs. 3 and 4, an additional 0.1 X line length increase 
is readily achieved, thus providing the necessary one 
wavelength inter-element spacing. 
[0021] The slot arrangement for both arrays exhibits 
four-way symmetry, which provides good isolation be- 
tween the two orthogonally polarized arrays. Optimal 
electrical isolation between the two arrays is achieved 
as a result of the mutually orthogonal slot geometries. 



[0022] Both arrays 22 and 26 of the antenna 1 0 utilize 
the entire aperture 20 to maximize performance. The in- 
ventive antenna realizes both arrays in eff teient standing 
wave array configurations to concurrently achieve high 

5 gain and low sidelobe levels. A particularly novel feature 
of this invention is the concurrent realization of a high- 
performance dual polarization common aperture anten- 
na array within a smalt cross sectional profile. This is 
achieved by using rectangular wave-guide-fed centered 

10 longitudinal shunt slots in conjunction with inverted mi- 
cro-stripline-fed air-cavlty-backed slots within the same 
design geometry. 

[0023] This inventive antenna design offers the fol- 
lowing advantages relative to other approaches: 

75 

1 . It offers high RF performance for both arrays (low 
sidelobes, low RF loss, exceptional isolation be- 
tween the two arrays). 

2. It is highly efficient for both arrays as they are 
20 standing wave fed. 

3. It has a very low profile due to the horizontal layer 
structure (low profile) antenna. The low profile con- 
figuration is highly desirable because the maximum 
size aperture can be realized. This invention pro- 

25 vides optimum gimbal/radome envelope and in- 
creased functionality and improved pertormance 
within the existing volume without significant cost 
impact. 

4. Its functionally independent layered structures 
30 more easily adapt to manufacturing processes. 

5. This approach is easy to design because it pos- 
sesses a well defined unit cell for both arrays. 

6. It offers exceptionally good isolation between the 
two arrays (-50 dB) due to its orthogonal ge- 

35 ometries. 

7. The inventive approach is applicable up through 
Ku band. 

[0024] Thus, the present invention has been de- 
40 scribed herein with reference to a particular embodi- 
ment for a particular application. Those having ordinary 
skill in the art and access to the present teachings will 
recognize additional modifications applications and em- 
bodiments within the scope thereof. 
45 [0025] It is therefore intended by the appended claims 
to cover any and all such applications, modifications and 
embodiments within the scope of the present invention. 
[0026] Accordingly, 



so 
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Claims 

1. A dual-polarization common aperture antenna 
characterized by: 

a first array (22) of radiating slots (24) disposed 
in a faceplate (11); 

a waveguide (32) for feeding electromagnetic 
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energy to said first array (22) of radiating slots 
(24): 

a second array (26) of radiating slots (28) dis- 
posed in said faceplate (1 3), said second array 
(26) being generally orthogonal to said first ar- 
ray (22) of radiating slots; and 
a stripllne (51 , 53, 56, 58, 62 and 64) forfeeding 
said second array (26) of radiating slots (28). 

The invention of Claim 1 wherein each slot (24) in 
said first array (22) of radiating slots is vertically ori- 
ented. 

The Invention of Claim 2 wherein each of said slots 
(24) in said first array of slots is a shunt slot. 

The Invention of Claim 3 wherein each slot (24) in 
said first array of slots is Iris-excited. 
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16. The invention of Claim 15 wherein said first array 
(22) and said second array (26) each utilize said 
common aperture (20) in its entirety. 

1 7. The invention of Claim 1 5 wherein said common ap- 
erture (20) is fully populated. 

18. The invention of Claim 1 wherein saidflrst array (22) 
utilizes said common aperture (20) In its entirety. 

19. The invention of Claim 18 wherein said second ar- 
ray (260 utilizes said common aperture (20) in its 
entirety. 

20. The invention of Claim 1 wherein the first array (22) 
and said second array (26) of slots are arranged for 
four-way symmetry. 



5. The Invention of Claim 4 wherein each slot (24) is 20 
excited by a ridge iris (35). 

6. The invention of Claim 1 wherein said waveguide 
(32) is rectangular. 

25 

7. The invention of Claim 1 wherein said second array 
(26) of slots radiates cross-polarized relative to said 
first array (22) of slots. 

8. The invention of Claim 1 wherein said second array 30 
(26) of slots is a standing wave array. 

9. The Invention of Claim 1 wherein said strlpline (51 , 
53, 56, 58, 62 and 64) is a micro-stripline. 

35 

10. The Invention of Claim 9 wherein said strlpline (51 , 
53, 56, 58, 62 and 64) is an inverted micro-stripline. 

11. The invention of Claim 9 wherein said micro-strip- 
line (51 , 53, 56, 68, 62 and 64) is offset from a center 40 
of at least one of said radiating slots (28) in said 
second an-ay (26) of slots. 

12. The invention of Claim 1 wherein said strlpline (51, 

53, 56, 58, 62 and 64) has a perturtDatlon (59) there- 45 
in to increase the length thereof. 

13. The invention of Claim 12 wherein said slots (28) in 
said second array (26) are spaced one wavelength 
apart with respect to said electromagnetic energy, so 

14. The invention of Claim 1 wherein each slot (28) in 
said second array (26) of slots is an air cavity 
backed slot. 

55 

15. The invention of Claim 1 wherein said first array (22) 
and said second array (26) share a common aper- 
ture (20). 
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(54) Dual-polarization common aperture antenna with longitudinal and transverse slot arrays 



(57) A dual-polarization common aperture antenna 
having fully populated common aperture dual polarized 
arrays. The inventive antenna includes a first and sec- 
ond arrays of radiating slots disposed in a faceplate. The 
second array is generally orthogonal and therefor cross- 
polarized relative to the first array. The first array is 
waveguide fed and the second array is stripline fed. In 
the illustrative implementation, the first array and the 
second array share a common aperture. The common 
aperture is fully populated and each array uses the ap- 
erture in its entirety. The first and second arrays of slots 
are an-anged for four-way symmetry. Each slot in the first 
array is a vertically oriented, irisexcited shunt slot fed by 
a rectangular waveguide and centered on a broad wall 
thereof. The second array is a standing wave array in 
which each slot is an air cavity backed slot fed by an 
inverted micro-strip line offset from a center thereof. 
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